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Appl.No. 10/099,663 

Reply to Office action of July 14, 2005 

REMARKS 

Applicant wishes to thank the Examiner for taking the time to discuss the subject case the 
afternoon of September 12, 2005. In summary, the interview included a discussion of written 
description issues and proposals for new claims. Based on this discussion applicant believes that 
claims 108, 1 10 to 133 and 135 to 151 included herein are allowable. 

Claims 108, HOto 133 and 135 to 151 remain in this case. Claims 109 and 134 have been 
canceled with prejudice to subsequent revival. Claims 108, 110 to 112, 117, 126, 129, 133, 142 and 
143 have been amended. Claims were canceled and certain claims were amended each for the 
purpose of advancing the case toward allowance and differences between the new claims and the 
previously pending claims should not be viewed as acquiescence to any of the Examiner's rejections. 
Applicant believes that this amendment includes no new matter. 

Support for certain amended claims is found, for example, at page 7, line 5, of the 
specification. Page 7, line 5, of the specification refers to Fig. 2 which indicates where PCR primers 
hybridize to the 2381 bp sequence of SEQ ID NO: 1 for PCR amplification of the approximately 0.5 
kb 5' flanking fragment (i.e., nucleotides 1 1 15 to 1626 of Fig. 1 and of corresponding SEQ ID NO: 

1). 

ThP Examiner rejects the claims und**- 35 1 ISC 1 12. first paragraph, as fai ling to comrtywith 
the written de scri ption requirement. Applicant traverses the rejection. 

Applicant has amended the claims there by obviating certain aspects of the Examiner's 
rejection. For example, certain claims have been amended to recite the nucleotide sequence of the 
0.5 kb promoter fragment. As discussed in applicant's paper filed April 25, 2005, the .0.5 kb 
fragment shows high promoter activity (see, page 39, line 32 to page 40, line 1 of the specification). 
In addition, applicant submits that a practitioner of ordinary skill in the art would reasonably expect 
that the 336 nucleotide fragment of SEQ ID NO: 2, which is present within the 511 nucleotide 
sequence of the 0.5 kb fragment, would possess gene expression controlling activity. 

The upstream 300 nucleotides have been shown to be important in the gene expression in 
iFABPgenesinotherspecies. For example, Rottman and Gordon 1993 J. Biol. Chem. 268: 11994- 
12002 (copy included with this response) demonstrate the importance of the rat iFABP gene 
elements located between nucleotides -277 and -104 in the rat iFABP gene (see, for example, the 
abstract of Rottman and Gordon). And, as discussed at page 3, line 32 to page 4, line 2 of the 
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Appl. No. 10/099,663 

Reply to Office action of July 14, 2005 

specification, activity of the rat iFABP promoter in the frog suggests conservation of the regulatory 
mechanism of iFABP expression among vertebrates. See, for example, the Introduction of Beck and 
Slack 1999 Mechanisms of Development 88: 221-227 (copy included with response). Therefore, it is 
apparent that the nucleotide sequence of -1 to -336 of the chicken iFABP gene likely contains gene 
expression controlling activity. 

The Examiner rejects claims 142 to 145 u nder 35 USC 112. second paragraph, as be ing 
indefinite for failing to distinctly claim the su b ject, matter which applicant regards as the invention. 
Applicant traverses the rejection. However, applicant has amended claims 142 and 143 thereby 
obviating the Examiner's rejection. 

Applicant has shown that the requirements of 3 5 USC 1 1 2, first and second paragraphs have 
been fulfilled and requests that the Examiner pass the above identified application to allowance. 

If any issues remain to be addressed in this matter, which might be resolved by discussion, 
the Examiner is respectfully requested to call applicants' undersigned counsel at the number 
indicated below. 

Respectfully submitted, 

Kyle Yesland, 706-227-11 70, ext 233 

Attorney for Applicants 

Reg. No. 45,526 

AviGenics, Inc. 

Legal Department 

111 Riverbend Rd. 

Athens, Georgia 30605 
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Abstract 

The recent development of transgenic methods for fee frog Xenopus laevis provides the opportunity to study later developmental eventt. 
such' as organogenesis, at the molecular level. Our studies have focused on the development of the tadpole gut whe» tissue specific 
promoters have yet to he identified. We have used mammalian promoters, for the genes elastase, pancreatic duodenal ™™°°™-J' 
Transthyretin, and intestinal fatty acid binding protein » drive green fluorescent protein expression in live tadpoles. All of these were 
shown to drive appropriate tissue specific expression, suggesting that the molecularmecbaeisms organising the gut are similar in amphibians 
and mammals. Furthermore, expression from the elastase promoter is initiated in the pancreatic buds before morphological defimwrn 
becomes possible, making it a powerful tool for the study of pancreatic determination. © 1999 Elsevier Science Ireland Ltd. All ngrts 
reserved. 
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Elastase; Intestinal fatty acid binding protein 
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1. Introduction 

The frog Xenopus laevis has been primarily used to study 
the mechanisms of early development, and many experi- 
ments have involved the injection of synthetic mRNA into 
early embryos. However, since the injected mRNA even- 
tually decays! the events of later development cannot be 
easily studied in this way. With the recent development of 
a method for integrating transgenes into the genome of X. 
laevis and X tropicalis (Kroll and Amaya, 1996; Amaya ct 
al., 1998), Xenopus has become an attractive system for 
studying later development and organogenesis. 

Our studies have focused on the development of the 
tadpole gut, which closely resembles the mammalian gut 
in its organisation (Chalmers and Slack, 1998). Previously, 
several regional markers have been described in the Xeno- 
pus tadpole gut (Wright et al., 1988; Shi and Hayes, 1994; 
Chalmers and Slack, 1998). However, to date, only a small 
number of Xenopus promoters have been characterised in 
live embryos using the green fluorescent protein (GFP) 
reporter system (Kroll and Amaya, 1996; Huang et al, 
1999), and none of these drive expression in the gut In 
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contrast, several well-characterised promoters are available 
as a result of studies on mammals. Here we show that appro- 
priate regional and tissue specific expression can be 
achieved in me developing Xenopus gut by using several 
gut-specific mammalian promoters. This shows that the 
regulation of developmental genes, in addition to the coding 
regions themselves, has been well conserved during verte- 
brate evolution. 

•Hits work shows that it will be possible to use transgenic 
Xenopus as a quick and simple method to analyse mamma- 
lian promoter function. In addition, our results demonstrate 
that the numerous existing mammalian promoters can be 
used to drive transgenes in specific patterns in Xenopus 
embryos, thus providing new experimental opportunities 
for the transgenic technique. 



2. Results 

2.1. The rat elastase enhancer drives pancreas specific 
expression in Xenopus 

Pancreatic elastase is a serine protease related to trypsin. 
It is produced by all exocrine cells of the pancreas and is 
secreted into the duodenal lumen via the common bile duct. 
The 203 bp regulatory region of the rat pancreatic elastase £ 
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R& 1. JWtadpote. transgenic for clastascCFP. feb) GFP reporter activity in live tadpoles. Gree^uorescencc shows wh«e the ^ r 

wlour is due W yoIkauwOuoresccuce. (a) Fourfold tadpole iiom right hand ride, showing GFP limited to tbcpantteas («m>«. 0. A*™*" * *• 

KS^I^^ceJyoXteriorUto^left. (e) sta S e31 embryo, deared. to show onset of ^c=ionbthe^d«al^^ta4W. (d) 
^S^Lcd. lolhow onset of expression in the future ventral pancreatic tad (v). Note the Close contact bwwecn ^ dor£ bud £) ^dK 
X Sord toe), (e.0, In Siw hybridisaUoa to show distribution of GFP nsRNA (dark blue) in dissected gm wbotemouats. Antenot u» tbe^Me) 
37 ^^-< ^ the icf, side.CLw eapresskm i. reacted to the dorsal (d) and ventral ^^^^^ ( ^l^^ c 
tSL of the buds, at 7 days of development, to shew persistence of elastasc promoter driven express™ in all cells of Ac V°^J££» 
«ZZ Sowing the deJlopmentaaTfnsioo of the pancreatic buds in Xcncpus embryos based on ekstase promoter studies u (g) At sttge 37 ^^and 
vXbod3 to move from the midline, the dorsal pa™ moves to the left and the ventral pancreas to tbn right Bo* buds also b^nio^ad toward, 

S «ouU ftea moves the pancreas first to the left side of 0* embryo, and then to the right side, where it remains from 4 A.ys 



gene contains an enhancer which drives reporter expression 
in all exocrine cells of the pancreas (Hammer ct al., 1987). 



Fig. 1 shows reporter expression in Xenopiu embryos and 
tadpoles carrying the elastase-GFP transgene. GFP fluores- 
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p. 2 udp^ tr^nic for PDX- 1-GFP. feb) OFT reporter activity in live tadpoles, <^uton»cencc shows ^^rc^^v^aod 

£u£ S ZTyont JwfluOrUKcnce. (*) Ttoe-Hta^M tadpole 6om I* hand «k Rowing OTP m the MUM 
~?Z1 nftlle JL (whlte gnawV Some ofthe melanocytes, which partially Obscure the gill a fete stage, have been removed. AntenOT II £ the 1Kb (W 
Sa^STvTcv^^T Shll sJdcto dro^P in d* ^ncrce. (pd) but net in th. landing gut C^- Artrior 

SSS^So inwove visibility. Anterior is to the .eft. (d) to *U ^^^^^^^^TtT^Z^^^TX 
o^^r^SLionTno longer visible ia the pancreas (pa), but low tevcis of expression ere maintained in the duodenum (du). Ante** lo the left. 

Abbreviations: pa, pancreas; li, liver, du, duodenum. 



cencc is first seen throughout the pancreatic buds as early as 
3 days and continues to be expressed up to 7 days in die 
pancreas (Fig. Kb). We first detect OFF mRNA in the 
dorsal pancreatic bud of transgenic embryos at stage 30- 
31, around 13 h before the dorsal bud can be denned 
morphologically at stage 35/36 (Fig. lc), (Nicuwkoop and 
Faber, 1967). Expression is restricted to a small group of 
endodermal cells in Ac dorsal midline of the anterior 
midgut, in direct contact with the notochord. It has recently 
been shown that the notochord is required for development 
of the dorsal pancreatic bud in the chick embryo (Kim et al., 
1997), Expression is also seen prior to morphological defi- 
nition of the ventral pancreatic bud at stage 37/38. GFP 
mRNA is first detected at stage 33, 10 b before the bud 
can be defined, in a group of ventral midline cells just 
posterior to the liver (Fig. Id). 

GFP mRNA was detected throughout the pancreas of 
later tadpoles transgenic for the elastasc-GFP construct 
(Fig. le,f). This is expected since in marnmals, elastase is 
made in the acinar (exocrine) cells, which comprise around 
9S% of the pancreas. In conclusion, *e rat clastase-I enhan- 
cer appears to be capable of driving appropriate temporal 
and spatial expression of the reporter in transgenic frogs. 
Although the expression pattern of endogenous elastase in 
the frog is currently unknown, the activation of the enhancer 
prior to morphological definition of the pancreatic endo- 



denn makes it a powerful tool for the study of the earliest 
steps of pancreas development. Here, we show how the 
movement of the two pancreatic buds from their original 
positions in the dorsal and ventral midline as the anterior 
gut begins to coil, combined with an expansion towards 
each other leads to formation of the tadpole pancreas (Fig, 
lgj)). These drawings arc based on observations of live 
tadpoles transgenic for the elastase enhancer driving GFP. 

2.2. Mouse PDX-1 promoter drives expression in the 
pancreas and duodenum 

Pancreatic-duodenal homeobox-1 {PDX-1) was origin- 
ally cloned from mouse as IPF-2 (Ohlsson et aL, 1993) 
and rat as STF-l/IDX-1 (Leonard et aL, 1993; Miller et 
al., 1994) and is the mammalian homologuc of XtHbox8 
(Wright ct al., 1988). Its expression is restricted to the 
pancreatic and duodenal epithelium of both mammals and 
ftogs (Wright et al., 1988; Ohlsson et al., 1993; Miller ct al., 
1994; Guz ct aL, 1995). PDX-1 is essential for initial 
pancreatic morphogenesis in mice and is also thought to 
have a later role in transactivation of the insulin gene in 
beta cells (Jonsson et al., 1994, 1995; Ahlgren et al„ 
1996; Offield et al., 1996). 

In this stndy we have used a 4.6 Kb PDX- J promoter from 
the mouse gene to drive expression of GFP in transgenic 



PAGE 14/27 * RCVD AT 9/26/2005 2:52:22 PM [Eastern Daylight rime] * SVR.USPTQ-EFXRF -6/25 * DNIS.2738300 * CSID:7062272180 * DURATION (miB$):14-50 



09/26/2005 14:04 7062272180 



AVIGENICS 



PAGE 15 



224 



C.W. Beck, JM.W. Stack / Mechanisms <tf Development S8 (199P) 221-227 



£a> i 


m 





































coloo. 



Xenopus embryos. GFP fluorescence is first detected in the 
dorsal and ventral pancreatic buds and adjacent duodenal 
epithelium at 44 h of development (stage 34), before the gut 
begins to coil (Fig. 2a), Reporter activity in the developing 
pancreatic buds and pancreas is strikingly similar to the 
expression of PDX-1 io the mouse gut (Fig, 2; Ohlsson et 
al, 1993; Guz et aL, 1995) and of native XlHbox8 protein in 
(he rrog(Wri#it et al., 1988). GFP fluorescence is seen 
throughout the dorsal and ventral pancreatic buds and 
persists for several days. PDX-1 expression in the mouse 
pancreas has been shown to be down regulated as the 
pancreas differentiates, with expression eventually being 
restricted to tbc insulin producing beta cells of the islets 
of Langerhans (Ohlsson et al., 1993- Miller et aL, 1994; 
Guz et al., 1995). It has diereforc been suggested that 
PDX-1 has a dual role in pancreatic development and func- 
tion; firstly to enable morphogenesis of the pancreatic 
epithelium, and secondly to transactivate the insulin gene 
in the beta cells. The Xenopus homologuc XlHbox8 may 
also have a dual fu action, as it is similarly down regulated 
in the majority of the cells of the Xenopus pancreas, with 
expression remaining in only a small percentage of cells 
(Wright et al., 1988). We examined the distribution of the 
GFP mRNA in later transgenic tadpole guts by in situ hybri- 
disation, and confirmed that the levels of mRNA are down 
regulated after 4-5 days of development, with expression 
remaining only in a small proportion of the cells (Fig. 2d). 



Note that the GFP fluorescence is still present at this stage, 
due to perdurance of the protein (not shown). Duodenal 
expression of PDX-1 persists in the mouse (Guz et al M 
1995) and rat (Miller et al M 1994) and, similarly, we find 
a low level of expression is maintained as late as 7 days in 
the duodenum of transgenic tadpoles (Fig. 2d). The distri- 
bution of GFP mRNA in transgenics is therefore very simi- 
lar to that observed for the Xenopus homologue of PDX-1, 
XlhboxS (Chalmers and Slack, 1998). In addition to the gut 
expression, GFP fluorescence is also seen in the lens of the 
eye from stage 36 onwards. This does not correspond to an 
endogenous domain of XlHboxB, but can be useful because 
the transgenic and non-transgenic individuals can be imme- 
diately distinguished using a fluorescent dissecting micro- 
scope. 

2.3. The mouse transthyretin regulatory region drives GFP 
expression in the liver 

Traitsthryretin is an extracellular thyroid hormone-bind- 
ing protein produced by the liver and choroid plexus of 
reptiles, birds and mammals. Recently, transthyretin homo- 
logues have also been isolated from fish and amphibians, 
where they are only synthesised in the liver (Yamauchi et 
al, 1998; Santos and Power, 1999). In mice, hepatccytc 
specific transcription of transthyretin is known to be regu- 
lated by a proximal promoter region and a distal 100 bp 
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enhancer region located 2 kb upstream of the transcription 
initiation site. This regulatory region (enhancer and promo- 
ter) is sufficient to direct expression to the hepatocytes of 
aansgenic mice (Van ct aL, 1990). We have made trans- 
genic Xenopus tadpoles using this regulatory region of the 
mouse transthyretin gene to drive expression of a^GFP 
containing a nuclear localisation sequence (nGFP). Hg- 3 
shows that the transgene drives appropriate expression of 
GFP in the liver of transgenic tadpoles. GFP fluorescence is 
seen in the posterior foregut from 3-7 days of development, 
and is located ventrally in the endoderm just posterior to the 
heart (Fig. 3a,b). Some GFP activity is also seen in the 
pronerAros of transgenic tadpoles. mRNA expression 
remains throughout the liver in the gut of later tadpoles 
(Fig. 3c). No expression was seen in the choroid plexus of 
transgenic tadpoles, in accordance with the endogenous 
expression pattern (Yamauchi et al., 1998). 

2A. the IFABP promoter from rat drives intestinal GFP 
expression in Xenopus 

Intestinal fatty acid binding protein (IFABP) is expressed 
in the small intestine of mouse (Green ct al.. 1992), rat 
(Alpers et al., 19S4), human, (Swcetser et aL, 1987) and 
Xenopus (Shi and Hayes, 1994; Chalmers and Slack, 
1998). Endogenous expression of Xenopus IFABP begins 
at stage 34, prior to gut coiling, and increases rapidly up 
to 5 days of development (Shi and Hayes, 1994). Expression 
has been shown to be restricted to the forming small intes- 
tine of guts from 3 day old tadpoles and is excluded from the 
stomach, accessory organs and colon (Chalmers and Slack, 
1998). The rat IFABP promoter has been shown to drive 
expression of reporters in the small intestine of transgenic 
mice (Sweetser et al... 1988). We have used this promoter to 
drive GFP expression in transgenic Xenopus. In live 
embryos, GFP fluorescence is first seen at 4-5 days of devel- 
opment, when it is localised to the intestinal epithelium of 
the coiled gut (Fig. 3d). GFP activity increases in intensity 
and by 7 days is seen throughout Che outer gut coil, but is 
absent from the stomach, liver and pancreas (Fig. 3e), In situ 
hybridisation for che GFP mRNA in whole gut preparations 
at 6-7 days confirmed the absence of reporter expression in 
the colon, which forms the posterior half of the inner gut 
coil, and is therefore nut visible in live embryos (Fig. 3f). 
The spatial expression of the reporter gene therefore corre- 
sponds with that of the endogenous gene (Shi and Hayes, 
1994; Chalmers and Slack, 1998). 



3. Discussion 

We have examined expression at protein and mRNA 
levels from four gut specific mammalian promoters in trans- 
genic Xenopus embryos and tadpoles. In each case, the 
temporal and spatial expression of the reporter has been 
shown to match that shown previously in transgenic mice. 
Where the expression patterns of the endogenous Xenopus 
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homoiogues are known, they also correspond well to the 
reporter expression (Wright et aL, 1988; Shi and Hayes , 
1994; Chalmers and Slack, 1998; Yamauchi et aL, 1995). 

This work represents, to our knowledge, the first use of 
mammalian promoters to make Xenopus transgenics, and 
the results have significance in three respects. Firstly, they 
show at the level of gene regulation that the mechanisms of 
gut development are well conserved between rriammals and 
Xenopus. This is of some evolutionary interest and also 
means that Xenopus can be considered a valid model for 
studies of gut development as the results arc likely to 
apply also to higher vertebrates. 

Secondly, it means that Xenopus transgenics can be used 
as a rapid and iirformative test of promoter activity. 
Compared with transgenic mice, Xenopus offer many tech- 
nical advantages. It Is possible to make a large number of 
transgenic individuals in 1 day. If GFP reporters are used, 
the transgenics can be distinguished from non-transgenics 
by simple dissecting microscope observation. It is possible 
to observe the reporter activity in live embryos at stages 
which are inaccessible in mammals, and the transparent 
nature of the tadpole allows visualisation of reporter activity 
in deep tissues, such as the gut. 

Finally, the fact that mammalian promoters can be used is 
of considerable importance for designing experiments on 
the development of Xenopus itself. As numerous mamma- 
lian promoters are already available, it will avoid the need 
for (he cloning of endogenous promoters for misexpression 
studies. The instant availability of a large number of promo- 
ters means that the Xenopus transgenic system can rapidly 
be brought to bear on the study of later developmental 
events, such as gut development. 



4. Materials and methods 

4.L Transgenic Xenopus laevis 

Transgenic Xenopus laevis embryos were made using the 
restriction enzyme mediated integration (REMI) method of 
Kroll and Amaya (1996) with modifications as suggested by 
Martin Offield (pers comm). Briefly, 5 ul of high speed egg 
cytosolic extract was used in each REMI reaction rather 
than 25 uX and MgCl* reduced accordingly to maintain 5 
mM final concentration. Eggs were dejellied in 1 XNAM 
salts, 1.6 mM DTT, and 200 mM Tris (pH 8-8), and sperm 
dilution buffer was made with 250 pM spermidine and 125 
I^M spermine (Sigma). Embryos were cultured as in 
(Pownall ct aL, 1998), using NAM to replace MMR 
throughout Fifty micrograms of transgene DNA was 
digested to completion with the appropriate enzyme, 
extracted with phenol/chloroform, gel purified by electroe- 
lution and cleaned using Wizard PCR prep DNA purifica- 
tion columns (Promega). DNA in the range of 50-500 ng/pl 
was successfully used to make transgenics. We typically 
obtain 2r-6% viable transgenic tadpoles using this protocol, 
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which corresponds to 16-50 transgenics from each REM1 
reaction. 

Embryos up to stage 41 (3 days of development) were 
staged according to Nicuwkoop and Faber (Nicuwkoop and 
Faber, 1967), and subsequently staged by the number of 
days of development, as determined for gut development 
in Chalmers and Slack (Chalmers and Slack, 1998). Four 
days correspotids to embryonic stage 44/45; 5 days Co stage 
45/46; 6 days to stage 46, and 7 days to stage 46/47. All 
transgenic embryos were terminated at 7 days, before feed- 
ing began. 

4.2. Transgene constructs 

PDX-l -GFP in PfH vector was a kind gift of Chris 
Miller, Genetics Institute. The construct contained 4.6 kb 
of the mouse PDX-l promoter, and the transgene (6.5 kb) 
was excised using flanking Not I restriction sites. Elastase 
promoter was akincl gift of Galvin Swift, TX, USA. U>e 203 
bp rat elastase I promoter (gb: L001 12) was subcloned into 
PIT2 and the Zl kb transgene was excised using flanking 
NotI sites. Transthyretin-nucGFP was a kind gift of David 
Tosh, Bath. The construct contains the 3 kb upstream region 
containing both the enhancer and promoter regions of 
mouse transthyretin (gb: M19524) in pcDNA3 (Invitrogen) 
containing nuclear GIV and was linearised with Apa I to 
make the txansgeoe. IFABP promoter was a kind gift of 
Indira Mysorckar, Washington University. The 1.2 kb rat 
IFABP promoter (gb: M18080) was subcloned into PIT2 
and the 3 Ids transgenc was excised using Nozl. 

4.3. Visualisation nf GFP in live tadpoles 

Transgenic tadpoles were anaesthetised in 1/2000 MS- 
222 (3-aminobenzoic acid ethyl ester, Sigma) and visualised 
using a Leica Fluo III fluorescent dissecting microscope 
with a GFP2 filter set. 

4A. Whole mount in Sim hybridisation 

GFP mRNA distribution was assayed using in siru hybri- 
disation with an antisense GFP digoxygenin labelled KNA 
probe as Harland (Hiirland, 1991), modifications as Pownall 
et aL (1996). Whole gut dissections were performed as in 
Chalmers and Slack (1998). 
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The intestinal fatty acid binding protein gene (fabpi) 
provides a good model system for studying how gene 
transcription is regulated in enterocytes as a function 
of their differentiation program and location along the 
duodenol-to- colonic axis. Wo have compared and con- 
trasted the transcriptional activity of four fusion genes 
composed of elements from the 5'-nontrauscribed do- 
main of rat Fabpi finked to the human growth hormone 
gene (I-PABP/hGH) in transgenic mice and in five 
orimate epithelial cell lines derived from intestine, 
fiver, kidney, and cervix. Nucleotides -103 to +28 of 
rat Fabpi are able to direct appropriate lineage-spe- 
cific and geographic patterns pf hGH expression m 
trnnsgenie mioe. l.FABF- 10B — 'VbGH is preferentially 
expressed in Caco-2 cells, which emulate some of the 
features of differentiated small intestinal enterocytes 
after they reach confluence. However, other I-FAW7 
hGH fusion genes that exhibit c^erentiation»depend~ 
ent changes in their expression along the erypt-to- 
villus axis do not manifest the same pattern of differ- 
entiation-dependent change in activity in this cell line* 
Correlation of their patterns of expression tn vivo and 
ex vivo suggest that nonproliferating Caco-2 cells 
mimic some of the features of the transcriptional reg- 
ulatory environment of enterocytes located in the up- 

Pe Nucleotides -103 to +28 of rat Fabpi contain one 
copy of a repeated 14-base pair element that is con- 
served in the orthologous mouse and human genes and 
represented in several other homologous and nonho- 
mologous genes, which are expressed in villus-aajoci- 
ated enterocytes. This element binds to two members 
of the steroid hormone receptor sur^rfamily of tran- 
scription factors produced in enterocytes and Caco-2 
cells: hepatic nuclear foctor-4 (HNF-4) and apolrpo- 
Sottn^Ltory protein- 1 (AKP-l). ^™f^ 
studies performed in Caco-2 cells and in a monkey 
kidney cell line (CV-*> that lacks endogenou^ols of 
ARp! J and iSttU suggest that ARP-1 and HN?4 can 

their interactions with the 14-hasepaxr element This 
Nation a ppears to be effected by elements located 

• This vrork ww supported by Grant DK30292 ftwn the Nations) 
yjJ^f^X^^^ of publication of th e arucb were 
in part by tb* payout of pern charges. This art^ew«t 
Sore be hereby max^d "<*^??f™ accordance with 18 
U.S.C. Section 1734 solsbr to in^t* this fact. , 

t Ta whomcorrespondfince should be addresse* De£ ^ Molecu- 
la, ^BK^ndr^rUcology, W«*ing»n UniM 'School. of 
Meo1cb?Box B103, 660 & Euclid Ave., St. Loua, MO 63UO. Tel.. 
314-3€2-7243i Fax: 314-362-7058. 



between nucleotides -277 and -104 and ether tran- 
scription factors. 



There are several reasons why the intestinal fatty acid 
binding protein gene (Fabpi) 1 is a useful model for studying 
the mechanisms that regulate establishment and manitenance 
of ceil lineage-specific patterns of transcription along the 
cryptoo-vfflus and duodenaj-to-colonic axes of the gut First, 
expression of moose, rat, and human Fabpi is confined to the 
enterocyte (Sweetser et oL. 1*S7; Green et aL> 1992; Cohn et 
aL> 1992), one of four principal epithelial cell types denved 
from the mnrtipotent stem cell located near the base* each 
intestinal crypt (reviewed in Potten and iMf^l&M and 
Gordon et ol (1992))* Fabpi is activated in diflerenbatang 
members of the enterocytJc lineage after they complete their 
last passage through the cell cycle and are trWocated f rom 
the upper crypt to the bases of adjacent small ntt^alvdh 
ShPetTlMft Green at ciL 1992; Cohn a**. 1992). 
Expression is sustained as enterocytes complete their differ- 
entiation program during a rapid, well organised, upward 
migration to the apical extrusion zone of each vulwfi, Fabpi w 
also expressed in enterocytes as they ^ colonic crypts and 
migrate to the colonic homolog of small intestinal vilh, the 
hexagonal shaped surface epithelial cuff that surrounds the 
orifice* each colonic "gland" (Schmidt et at. 1985). Second, 
the steady State level of Fehpfa mRNA and protein products 
varies as a function of the location eirterocytes eccripy along 
the cephslocandal axis of the guU Highest ceuular concentra- 
tions occur in the jejunum with levels ^ngp^^vely^ 
the proxhnal duodenum and midcolon (Sweetser ft at, 198S, 
Cohn etal, 1992). These axial differences in ^o^expression 
are established at the time of the gene's mdiicbon during 
cytodif ferentiation of the gat mdodn to an epithelial mono- 
layer* fetal life (Rubio et aU 1989, 1991; Cohn £ J^JJJ. 
These regional difference* in Fhbpt expression 
throughout life despite continuous ^i^/^ 
Si epithelium (Al-Nsfussi end Wright, 1^; W^ 
and Irwin. W82). Third, studies with fetal W^f^^ 
colonic isografts indicate that the lineage-specific, diffewntia- 
^^erWent, and regional patterns of rat and mouse Fabp* 
™StTnOt infnVenced by luminal contents (Rubin c 
UWL 1992). Fourth, Tobpi is a member of a family of 
fcggu^enes thaVexhibit distinct cephalocsudal pat- 

. The abbrcviationa used me: Fabpi, i^^J^^SS^S 
rJ^VWM human growth hormone; MT» jnetAllothioittin, 
HNF-4, ARP-l, .polipcprotein AI rectory 

protein-lj kb, kilobaae(a); bp r base p**<a). 
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terns of expression in the enterocytfc lineage (Sacchett.ni et 
al> 1990; Cohn et oL, 1992). These diffw^es^ provide an 
opportunity to study ho* genes that have evolved from a 
coiwnon ancestor axe able to modulate their expression in a 
particular cell lineage aa a functiou of location along the 
duodenal-to-coionlc oxia. 

Transgenic mice containing rat Fcopi/hnman growth 
mone (hGK> fasion genes have been used to map cis-actwg 
elements in Fabpi that control ite cel^, geogr^c, and 
temporal patterns of expression (Sweetaer et aL, 1968; Cohn 
et oL 1992). The results of these studies ate summarized^ 
Fig. 1. Remarkably, nucleotides -103 to +2&, which axe highly 
conserved in the mouse, rat, and human Jpatpi genes (Green 
et aL 1992), contain elements that are sufficient to appropri- 
ately initiate transgene expression in lata fetal life, confine 
reporter production to members of the enterocy^ime^ 
and to generate a duodenal-to-colonic gradient of hGH »KNA 
and protein accum^uation that mimics that of mouse Fabp* 
(Cohn et ol> 1992). The shape of this cephalocaudal gradient 
is influenced by both positive and negative ins : acting se- 
quences, element* positioned between nucleotides -111* 
and -278 enhance expression in the ileum and proximal 
colon while those located between -277 and -US function 
Sd suppressors in these segments of the gut <Cofan et at, 
1992) (Fig. 1). Progiessive deletions of the S'-noritranscnbed 
domain of Fabpi also disclosed elements that regulate differ- 
entiation-dependent transcription of this gene, e.^J- 
PABP" rnto+w /hGH is appropriately activated in enterocytes 
*0 tbw exit intestinal crypts while removal of nucleotides 
-277 knd^l85 (yielding l-FABP^ 1 * 4 * /bGR) resutoin 
precocious expression of the hGH reporter in pwhtafltag 
and nonproiiferating epithelial cells located in the upper hall 
of duodenal, jejunal, ileal, and colonic crypts (Cohn er ol> 

Although recent reports have described methods for pre- 
paring primary cultures of gut epithelial cells (Evans et at, 
1992) or conditionally immortalised cell lines (Whitehead et 
o2.» 1993), none of these systems have been shown to be 
capable of recapitulating the complex geographic difBwences 
in the enterocytic differentiation program or the terminally 
differentiated state. We have now surveyed expression of a 
variety of Foopi/bGH fusion genes in established epithelial 
cell lines derived from intestinal and extraintestinal tissues. 
This has provided an opportunity to compare and contrast 
the activities of a panel of recombinant DNAs in transgenic 
animals and in cultured cells and determine whether the latter 
contain a transcriptional regulatory environment that could 
faithfully support, ex vivo, some features of Fabpi expression 
observed in vivo. In addition, we have used these cell lines to 
identify trans-acting factors that affect the transcriptional 
activity of nucleotides -103 and +28 of rat Pabpi. 

EXPERIMENTAL PROCEDURES 
Construction of Recombinant Z?NA— plFhGHl (Sweetser rt at, 
1988) contain* nucleotides -1178 to +28 of rat Fabpi (Sweeteer <* 
1987) linked to the human growth hormone gene storting at ite 
nucleotide +3 (Seeburg, 1982). ThisrewiP^srit DTSIA w ^ 
23l?ABp-«««^/hGH« I FABF^^^/bGH* 1 was obtained 
by digesting pIFhGHl with EcoRI yielding a M4» «Wch 
Z» cWlntQ the EcoBI of V^^^^^^) 
zcSwi) t-F AB^ 1 "* ^VbGH* 3 waj obtained from I-FABfr-" 1 u ~7 

enda pf Uie ifiBUltang reaction products with the Klwww figment of 
DNA polymerase I incubating the materUl with #»RI. and kg«tmg 
the 2.34b restriction fragment to the Smnl and. EtfWL bw* 
tn the polrlinker of pBhiEScriot SK1I. l^F^P-^^/hGH^ wae 

fag the l,*kb fragment into the Sphl site of pUC!9 (S^rookjf 
ol" 1989). I-FABP wwmto+ * 9 /hGH* J waft ptodWl by piecing two 



copies of *e ^ru* f: A f«SSffitoS 
the Hbdm alto of the polyniaker of I-FAS/^ „ J™ %J*5~ ST 
<. looted 8 hunts upstream fcom nucleotide -277 of rattfoopij. Tie 
method (Sengs. "^.If^ua^ 
infirm that the dauired elements « ^"^SrE 

SSrTftGH- 1 (pXGHS Com Nichols ^^j^"^ 
frtn.no, CA) contains 1* kb of the ^^^SgUS!^ 

GCGC-3'Taad placing toe double- ab-anded ougodeoxymieleotide tare 

Symidine kinase gene .cn*=ln«d ta^TKOT W«h^grttot^ 
eDNAs encoding heparin nuclear fltctor-4 (HW-4, SteHek « 
WS«) regulatory P^^-l^ 1 '?^ ^ 

KhanasisU^ were eubelooed as BcoM £^a«"W^ <i 
fieeW site of the ookaryotie expreeaion vector, pMT2 (Sambrook et 
^l^)^MtoB pMT^HWTand pMT2-ARP-l. Tespectively (La- 

oUtfned^oTie^iicai. Type Coltuxe CoUertion (ATOC. B**- 
v-Se^MD) and moitttained at 37 'C onder aa umo^>h«e of 5% 
35% oit in Dulbecco's madifSed Bote's medium aupptenffintoa win 

(final concentration: penicillin. 5 unite/ml; rt^to^ui. 5 i«/mll. 
(So-2«lb^ alao obtained &om the ATCC and mamtoned^ 
^ZtArt the concentration of fetal oatf sonm waa M« 
.athet than 10%. Total ceJWU* KNA prepared ^^"^f 
poatconfluent ceDe wdng guanidma uotteocyanate (Cto*mn rtot, 
and the pattern of eapreaeinn of the intact, ^dopo«u fWpf 
ine was deterSned by KNA blot hybridisation (Sambrook et oi. 

ia ^Lrfertt TrwHfixtlon. i^inei^-Cdla^ awdf d «^^ 
yatyrene plotet at a density of 2 X itf caUs/30-mm wjB. Cdb were 
Sb«^36h after pWting wttfa 6 M< of ptamnd DNA urine g« 
eaLcimn phosphate eo-precipitation method (Gndiamaodvan dttEb. 
19^ TVcontrol for variations in transaction *J*°{ 
pBSV-^al DNA (Edlund et el, 1980 «aa cn-traatteeted tosrther 
SS ei Sh promoter/hQir 3 construct. Si^j^w ^ATof 
Uweia were washed twice in phospnate-THrffeted sahne, and2 aUf 
feed, madium were added, Aliqnota of ipodmtn were withdrewn 48 b 
later and eaiU removed by centrifagation at 17,000 x g t» 3 oto. 
Cells waie then lyoed in situ airing three cycle* cf fitenn^'thftwing- 
CeU lvsatea were assayed for /3 galactoaKbae activity according to a 
^ttcXd^aitaoi* « cl (1989). hGH^eb e^njMe- 
utedbTthe medium wing aradiritnmonowwy ^ ^hotobafaftrte). 
Hon^ne tevda wererttfiWMBed aa nanopatoa of hormooe/tallllliter 
StSematant and then normalized to ««lcelh^^«o^»e 
activiTy tp control for variation in trai«fe«oon effietencv between 
and wMtin e^erimente. (Control expentaent. J^todU^Jbe 
antibodies used in the radioimmunoassay fei do not cross-reartwitJi 
bovine growth hormone contained in fetal calf aerom.} Lava* or 1- 
FABP/hGH** egpraaaon in each eeU line were alao normahwd rela- 
tive tethe levels of hGH production i "P^} f^.l^^t 
tranrfected with MT/hGH and pRSV-fJ-Gal to allow ft» «w« 
^ari«m of resulta obtained with different toanafected eeU W 

EtaSietenn fnvobiinc Sto«y Tmntfeted Coeo-2 CeB»— I-FABP/ 
^^SSSOaA t Weld, iS^^larcatio 
ofDNAa, 40-.1) were need to trenaftet C»co-2 cells u^g the protocol 
described above. Cella were subsequently incubated wth Dolbeceo e 
iSfied Eagle's medhmi supplemented orttt. fi£l catf inim 
KSa^al eottcenrnttonVaOO ^g/ml G1BCO/BRL). Once eta- 
He. G418.resUtant populaticms were obtained, 10" P*w^.«^ 
plated In a T25 ftask. Five-ml abquote of culturt medwjn ^e 
obtained every 3 days at the time cells were te-ted These samples or 
medium were then subjected tocentrifegetion at 17,000 > i £ mmm 
rteidual erils. and hGH concentration* were measured in the tw«l£W 
supernataaU (cleared medium) wing the radwimmtmo^JA. The 
point at which confluence was firat achieved waa deeijnated day 0. 
Cm4^m«»s(s given 1'FABPAiGH ftision gene at^ch 
time p»i»t s^veyed waa referenced to the level of expression of that 

^te^rSowdc MobSity Gel Shift Assoye-CV-l and Cseo-i nu- 
clear extracts were prepared using a modification (Ausubel et at, 
iSuTf the proc^nrTof Dignam et at (1983) with final ffialyns 
against 100 mM KC1. For production of crude prepexetionS of HOT- 
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4 and ARP-1, pMT2-HNF-4 and pMT2-ARP-l were introduced into 
COS-7 cells, by calcium phosphate co-precipitatkn. Cell listen were 
prepared 48 h later by subjecting cells to throe cycled of freezing/ 
thawing in a solution of phosphate-buffered saline containing 0,2 mM 
pbeoylmflthylAulfony] fluoride. Lysatca ware subjected to centrifoga- 
tion at 17,000 x $ to remove insoluble cellular debris. Protein concerj- 
tratiODB were daterrnined in the resulting supernatant* using the 
method of Bradford (1976). 

DNA fragments used for electrophoretic mobility gel shift assays 
were purified from agarose gels with OenaClean (MidWwt Scientific, 
Valley Park, MO) and their 3' ends labeled using [a"PJdATP and 
the Ktenow fragment of DNA pofymeraee I (Sambrook et oi, 1939). 
The purified probe (25 fmol) was added to a reaction mixture (final 
volume, 16 mD containing 10 znM Tn>HCl, pH 7.5, 50 raM Ned, 5% 
glycerol, I mM EDTA, 1 uaA dithiothreitol, and 1 & of poly (dl-dC), 
nnclw extract (1 w of total protein), and, where indicated, an 
unlabeled oligodeoiyraicleotide competitor (1.25 pmol). Following a 
15-roii) incubation on ice, the mixture was fractionated by electro- 
phoresis through non-denaturing polyacrylamide gels uaing the buffer 
systems described In the legend to Pig. 3. Gels were dried and exposed 
to Kodak XAB fihn at -80 # C 

Methytatum Interference Assay*— Theea assays were conducted 
using Caco-2 nuclear extracts or crude preparations of HNF-4 or 
ARP-1 obtained from transacted COS-7 ceils- The -103 to +2fi 
frasxpentof/ohpi was obtained by Sphl and BamKl digestion of I. 
FABP^^/bQH**. The finmHl site was labeled on the coding 
strand using l**TjdATP and the JOenow fragment of DNA polym- 
erase L The DNA was partially methylated with dimethyl sulfate 
(Ausubel et aL. 1991) and added to a reaction nuxture «w«d of 
the reagents described above for the electrophorettc mobihfer shift 
assays (except that we increased the scale of the reaction l^lO-fold). 
After a 15-min incubation on ice, the mixture was suinsctedto 
poiyacryiamide gel eleetrophoreaie (buffer: 45 mM Trie, 46 mttbvxte 
add, 1 mM EDTA. pH 8.0). The unfixed gel was exposed to Kodak 
XAR film st 4 "C to viBualiseprotem-DNA coinplexes as weU as free 
probe. Thsas labeled bands were subsequently electroeiutad ontoNA- 
45 DEAE paper aeconing to a method suggested by the manufactory 
(ScbJeicber and SchneU). Following a l^min inc^tion at 5p*C» 
a solution of JOmM sodium phosphate, 1 mM EDTA feH 8.0), base- 
snedrk (G»A) cleavage was accomplished using 0.1 N mow . Alte r 
a SO-min incubation at 90 'C, the reaction products were recovared 
by ethano! prestation and fractionated by sieetrophwsis through 
a 15% polyacrylsanhie gel containing 8 m urea. The gal was then fixed 
in mtthanoVacetlc acid, dried; and subjected to autoradiography at 
-SO'C. 

RESULTS AND DISCUSSION 

Epithelial Cell Type-specific Expression of I-FABP/hGH* 
Construct&^Tbn different primate epithelial cell uneswere 
included in our study. Caco-2 cells are derived from a human 
colon adenocarcinoma. After achieving confluence they are 
able to complete a cBifiarentiaticm program that results in the 
Bxwwritinn of some features of human small intestinal entex- 
ocytes (Pinto etui, 1983;Rousset 1986). CV-1 cells are derived 
from the kidney of an African Green monkey {Jensen et aL, 
1964). HepG2 cells axe derived from a human hepatoma and 
express a broad range of gene products that are also produced 
in normal human hepatocytea (Aden et at, 1979) Htormn SK- 
Hep-1 cells are of hepatic origin but have a less differentiated 
phenotype than HepG2 cells (Fogh and Trempe, 1976). The 
HeLa cell line was established from a human cervical adeno- 
carcinoma (Gey et aL t 1952). Proliferating cultures Of On* 
cell lines do not contain detectable levels of I-PABP mRNA 
as detorrnined by RNA blot hybridization analyses (Sweetser 
et aL (1937) and data not shown). 

These five cell lines were transiently nransfe^edjprior to 
achieving confluence with each of the four I-FABP/M?H 
DNAs shown in Fig. 1* Levels of hGH In aU ceU hues trans- 
fected with I-PABP- urato ^/hGH^ were si% of that ob- 
S with the reference control vector MT/bGH* (Table 
I). Successive deletions of the 5' nontranecribed domain of I- 
FABP^ X17H * ''""/hGH* 8 resulted in progressive increases in 
expression in proliferating Caco-2 cells. A very pronounced 



increase in expression was observed in Caco-2 cells when 
nucleotides -277 to -16$ cf Fabpi were removed (Table I). 
This finding is consistent with results obtained in transgenic 
mice, Le. I-FABP^^^/bGrT 3 is only expressed in villus- 
associated enterocytee while LPABp-^^^/hGH*' Is pre- 
cociously activated in proliferating and ncmrnrpliferating epi- 
thelial cells located in the uppe* half of small intestinal crypts 
(see Introduction and Cohn et al (1992)). 

IF ABP^ 1 * 4 * 42 */hGH* J expression is restricted to villus- 
associflted enterocytes (Cohn et al, 1992). In contrast to these 
in vivo results, deletion of micleotides -277 to -185 ie asso- 
ciated with an approximately 10-fold increase in hGH levels 
in HepG2 and SK cell culture medium (from 1% of the 
concentration documented in MT/hGH** trarisfected controls 
to 10-11%, cf. Table I). Nonetheless, the absolute levels of 
hGH in these bapaiocyte-Ufce cell lines are 4-6-fbld lower 
than those observed in Caco-2 cells. Moreover, Only rninimel 
changes in expression occur in CV-1 and HeLa cells when 
nucleotides -277 to -1S5 of ret Fabpi are removed (Table I). 

Further deletions from the 5' nontran scribed domain of rat 
fabpi result in even greater degrees of expression in prelate- 
ating Caco-2 cells; medium hGH concentrations in I- 
PABF" lflSte * a /hGH* a trensfected cells are 5 times higher 
than in cells contairntnj I-FABP^^/bCrT 3 (Table I) and 
more than 20-fbld higher in absolute terms than in any other 
of the established epithelial cell lines. In contrast, enterocytic 
levels of hGH mRNA and protein fall in transgenic mice when 
nucleotides -184 to -104 are deleted even though lineage 
specificity is retained (Cohn et aL t 1992), 

Chaoses in J-FABP/hGW* Expression during Caco-2 Dif- 
ferentiation Suggest That Pes tconftuent Caco-2 Cells ^mWs 
Epithelial Populations Located in the Upper Crypt-~Vfithm 
10 days after achieving c*ru3uency, Caco-2 cells undergo a 
differentiation program that involves formation of intracel- 
lular tie** junctions (as assessed by changes in electrical 
resistance across monolayers grown on filters (Gr asset et aL, 
1984) and marked elevations In the levels of several brush 
border hydrolases and transport proteins (Pinto et ol, 1983; 
Mahiaoui et at* 1992), An experiment was performed to 
examine the relationship between the proliferation and dif- 
ferentiation programs of Caco-2 cells and their ability to 
support expression of I-FABP/hGH** 
cells containing stably integrated copies of 1-FABP^ / 
hGH**, I-FABP- wu> **7bGH*\ or MT/hGH 4 * were plated 
at subconfluent densities and hGH prediction monitored 
every 3 days after cultures reached confluency (day 0). Cells 
were re-fed with fresh medium after each sampling. Under 
the conditions of this experiment, any changes in the level of 
hGH observed in medium harvested from a population of 
jwirvpUcatme, stably transfected celte should reflect changes 
in reporter production associated with diffexentiation. 

The concentration of hGH in the medium of cells contain- 
ing I-FABP-** to **7hGJF a increased 3-4-fold within 3 days 
after reaching confluence (Fig. 2). These cells assume many 
characteristics of the differentiated phenotype between 3 and 
12 days after confluence (as defined by the appearance of 
brush bordsr-specific Bucrose-isomaltase and tight junctions). 
During this interval, the concentration of hGH fell pTC|res- 
aively, reaching levels that were 50% of those noted on day 0 
IFis. h hi contrast, the relative levels of hGH production m 
Catace^st^ with 1 _ FAB P— 

or MT/hGH+ 5 remained essentially constant during this n- 

in Cacc-2 cells to 

consistent with the high levels of expression of 1- 
FA 0jt*-«« »- ♦ 2 */hGK* a observed in crypt epithelial cells that 
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SotTli XW G.1 drift .2K» Mrtbd a W-to 1 1 ^KMS 565 

reposal patted of expression mimic thoseof FabpL This figure has been adapted from Cohn et «L (1992), 



Table I 

Jfefceiw? leuefc of txvremon of I-fABP/hGH* 3 Dflte in transient trtvufrctek pntifemting culture* prirf^tpitheUal^a^us 
?muferatin* cdl Una* were cc-trenrfected with the ieclcated 1-FABP/hGH* 8 ce^atnxcttogethat with P^^g^^™^" 
JSk^ W b after traiisfeotion were nommlirnd to pHPuartaa^ac^ present in ceUs tysates. Bipresa.ou ' 
S SaSSW *e*ebeeU type has been panted » a percen^ of WMB^ LSES fSMSifc ffi^eS^ 
trroflftctton expertonti were repeated tit least three tiroes and the result* aveniged Bee ^Experimental Proeedurea for further gataiia. 



Censoue* 



MT/ftOH^ 

I-FABI^ l,s *** as /bGtt M 
I-FABF^^/hGH 0 





Cecc-2 




HopGs 


SK 


HtLa 


100%* 

10±3 
X10*26 
490 ±125 


100%* 
0 

l±o 

2±1 
0 


100%* 
0 

1*0 
U±l 
4±1 


0 

1*0 
10*1 
5±t 


100% - 

0 
1±0 
2*1 

a±2 



fl 100% « 5-51 ng of hGH/ml of supernatant 

♦ 100% ±> 5-4JO hk of hGH/ml of supernatant. 

* 100% ~ 4-21 ng of hGH/ml of supernatant 
4 100% «■ 8-14 *g of hOH/aol of supernatant 
■ 1Q0% * 7-40 ng of hGH/ml of supernatant 



2 

g 



:ss='.5tsf 



A 



3 6 9 12 
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Fig. 2. Expression of I^PABP/bGH** DNAa in stably 1 
fccted Caco-2 cells aa a function of time after achieving can- 
fluency. Caco-2 cells were oo-traofitectod with the indicated DNA 
and pRSV-Neo. Following a selection for resistance to the ammogty- 
coside G41B, 10" celto were plated in a T28 flask. Day 0 represents 
the point at which confluence was achieved. Medium was aubse- 
quaatly replaced every dayi. the level of I-FABP/hGH* 3 expreaaion 
was deternioed by measuring the concentration of hGH in medium 
at the toe It ia replaced. Hormone levels arc referenced to the levels 
observed on day 0 in the same flaa>. 



have just exited the ceil cycle and in members of the entero- 
cytic lineage that are commencing their mSetecrUation during 
txanfllocation ftom the upper otypt to the baa* of adjacent 
viUi (Cohn et al f 1992). There is no information about the 
transcription rates of Fabpi or I-FABP/hOH* as a fonctkiD 
of cellular location along the crypt- to- viliua axis. Therefore, 
we do not know what an "appropriate" change in hGH pro- 
duction would be in a euch a cell culture system. 3 

The apparent failure of I-FABP^^AGH^ to show a 
change in hGH production rate during progression through 
the Caco-2 differentiation program may reflect a number of 
underlying mechanisms. For example, differentiating, post- 
confluent Caco-2 cells may not synthesize transcription fac~ 
tors that interact with positive cie-acting regulatory sequences 
located upstream of nucleotide -277 of Tat FoopL This may 
also explain the inactivity of the intact* endogenous human 

fabpi gene in postconfhierit Caco-2 cello. Alternatively, since 



* Disregarding changes in protein turnover the predicted level of 
accumulation of hGH in these ceDs should be related to the integral 
of the transient expression (defined by the interval between medium 
changes). 
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thialwiman celL line approximates but does not fully recapit- 
ulate the differentiation program of normal human entero- 
cytes^it way produce; "inappropriately" high levels, of nega- 
.tive-acting tmxrec$ption factors ttiat serve to repress 1^ 
F£BP~" mto ^/hGB^andJ^ 

"A Nuclear Factor or Factors from. Ccco-2, bat Not GV-1 
Celts, BwXi) to a 14ipBepeaied Bl&nerii Present in Fabpi^- 
Tbe remarkable lineage specificity of I-F^F- ,Ww,WH : expres- 
sion observed in vivo iedi us to ask whether U binds RUt- 
speciSc factors in nuclear extracts of .email intestinal or 
colonic epithelial calls. When such extract© were prepared 
using a modification of the procedure of Gorski el ai (1986), 
we were able to identify a 24-bp element spanning nucleotides 
-212 to -188 that binds factors present in colonic but not 
small mtestinai cell? (Cbhn-er al> 1992). :Our ranc^ional map- 
ping studies in transEenjc .mice fadicated that this sequence 
iscoiriamaoiin a region of rat i^j^^t s^presseaeicpressibri 
in ileum and colon (see Fig. 1 and bohn ei al (1992)). When 
nuclear extracts were prepared from, spleen, liver, Mdney, 
proximal small intestine, and colon and used tor etectropho- 
retic mobility gel shift assays with labeled nucleotides -103 
to +28, we were hot able to identify any reproducible gut- 
3pecinc. binding patterns, despite the met that control studies 
with Ithe 24-bp sequence confirmed our earlier observations 
(data'notahown). t 

Berate* nucleotide^ -103 to +28 of rat Fabpi maintain a 
striking degree of irn**ge : specificity: in the epithelial cell 
culture experiments and because of trie; c^icnliiefl in prepar- 
ing a^lve nuclear extracts from the gut. doe to contaminating 
lurninal (pancreatic) proteases, we reasoned that nuclear ex- 
tracts derived from cell lines that support or prohibit I- 
FABP- 1 ^ ^/hGH^ expression could be used to Identify 
funofeonally important tianscription factors that interact with 
its promoterelements. Therefore, extracts were prepared from 
Caccf-* cells and-GV-l cells immediate^ after ^y achieved 
confi^wy^Qw 0 ' 2 extracts produced several retarded com- 
plexes with.alkbeledVbNA fragment representing micleotides 
-103 to +28 .of rat FtApi while no complexes were observed 
withl nuclear extracts prepared from CV-1 cells (Fig; 3A. 
compare lanes 2 andtf j. Binding of Caco-2 nuclear factors to 
I-FABir"***?* was competed by a. 30-fold, molar excess of 
*r> unlabeled double-stranded cligodeoxynucleotide sparmine 
toses-103to-6D.(Fig/^ 

excels of an olfeodeoxynucleotide represeatins bases -49 to 
+1 (lanc-#)- 

Nucleotides ^liDa to of . rat Fabpi contain, a 14-bp 
deraent r^eWeen bases and -^€9 that Js, present in a 
wmtarable.positioh m mouse and human ^ofcrn (Sweete^r et 
d, 1987; Green et ttt, 1992), Each of ^ese.ortholo^ous genes 
contain* 2-3 additional copies of this element (consensus, 5'- 
TGAACWCT/C)GAAC^^r)lc«atecl in similar positions of 
their 5 r nontrnnscribed domains (Green et al^ 1992; Cohn et 
al, 1992; c/- Pig. 1). This :l4-bp sconce is^lso : round in the 
ptomoler, regions: of tbe homologous rat cellular retinol bind- 
ing protein II gene and En several: nonhomologous genes that 
are (expressed in differentiating members of the entarocytic 
lineage (Demmeret at, 1987; Sweetser et cl t 19$7>< An unla- 
beled dlwodeoxynucieotide representing bases -82 to -69 of 
rat Fabpi was abfe to bfockbin&ng of Cacp-Z nuclear proteins 
to iabefed-I^EAB? 1 ^ DNA m& *A>kme 5*. 

By cbanging the buaer conditions used ;for the elecwpho- 
reticfra^nation of - these: ItFABP" 1951 la ^ 3B ^l^^*^; 2 f nm 
clear protein complexes, wc were able, so identifr. three xhstmct 
la^led:bands. .The motion of all three labeled complexes 
was blocked by a 5<Mo!d molar excess. of an : ougodeoxynucle- 
otide representing- bases -103 to -50 or -82 to -69 of rat 



LJ <V A/ 

% § # £ g £ j 

Entrcct; 4 <5 <f C? <? U 
I t 'i 4 5; 6: 
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Compftt»tC^: 



Fie a. Formasion of conrpitxe* iwtvreen nodear proteins 
PT^ont in CmxvZ oeOs and nncMWe» -l03 to +2» of rat 

Fabpi. Nuclear extracts were incubated with 25 tool of a "P-lab^d 
frag»e«t panning rwcjeotidfefc -103 to +28 of rat Febp* m. the 
presence oj fibfienceof-l^&ipsnb^ ofthfrindicated oU^cfeoxynucleo^dfi 
ibwpctitor. TRH refers to flie brndrnx arte (5 -GCAAGGCT- 

oresent in the promotor of the rat 
HNF-I gene (Tian and: Sch*ler, 1991),. The reaction mfattjare wa* 
subjected to ^lec^phoresis thrniigb 8% poryacrylaii*^ 
gneoft^bof&r sterna 2ft mM TrM90 i?m ^^^It??^ 
pH-8.5 (pfl7iei Aj or 4* m«: J Tris > 45 mM:bonc sod, 1 mM^TA.pH 
S.0 (nanet S). An aumiaiJioerapfl of each gel is shown. Tbe 
point to three distinct PNA-protoin complexes that form when «i> 
cTeot5des-108 to +38 of rat Fotol ate tncubated wrthGdco-2 nuclear 
pioteins. treo l-FABfr^^. 

iTaopt but not by an .one^oxynucijeot^ 

to +l(Eig-3B, compare • . 

TOe Conseri^i*-Op ^^/itSporirtrr^ NuckoUOes^ to 
-09 Binds Hepatic I^ieo? Factor-4 ortdApohpoprotem Effg- 
uldtory Protein-l— Previous searches of a data base of known 
teanscription factor binding sites (Ghosh, 1990) with the 14- 
bp sequenoe bad not revealed any significant matches, How- 
ever, recent. reports. <T1«tt and Schibler, 1391; Kuo et qL, 1992) 
noted that the h 4 nontfansoribed domain of the mouse and 
rat hepaticnudear fiactor^l <HNF-i).gene contains a sequence 
tiiatmnd^,nepatmniiclea^^r^^ (HNF-4) t a member of the 
sterord hormone. receptor subfamily (SladeSret oC, ^99-0). 
This siteah the HNF-I^e(5^GAC^ 
i'l contains 4 of I2i bases that, differ from a, previously 
reported consensus sequehce -for HNF-4^nr^g^' -GW^ 
AGGTCAT-S.'; .. Sladek et «t (1990»» However, the HNF-1 
gene's Hl^^ hmdins'; site itermed.TRH): has only one mis- 
match with nucleotides ^82 to -69 of rat Fabpi (^|v*)j 
Moreover, an oligc^fetfxynucleotide representing this HNF-4 
binding site is able to.Wock: formation of complexes between 
I-FABP^ 0 **** DNA anfproteinfe) present in Caco-2 nu- 
clear extracts (Fi^. 8B, lane 6). 

Three observations Jed us. to investigate whether HNF-4 or 
a re;lat^trariscriptioniacj»r could bind to the i4-bpse<ju€nc9 
present between nucleotides -82 and -69 of rat .Fabpt and 
what the rorictfohaUone of such binding migbt b^ 

on expression c^I-FAB^-^/liGH^ m Cacb-2 and CV-1 
Q^Fasu mctusr&iK^et CLl. (1992) demonstrated that tbe 
human apolrpbprotein ^apo) Clll gene contains a sequence 
spanning, nucleotides -88 to -U that functions as a binding 
site for HNF-4 and two other closely related members of the 
steroid-iiyroid. hoimone receptor cupexfamily of wno finger 
transcription factors:, apollpoprotein regulatory protem-1 
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14 »ij> consiimAu.* 
HKr-» twi 

2 

■.aoor.fi Tvitv>i 1 



atcaccxttgcc 

AGGTCXCCTrrCCCeWJCG 

-48 gactct^acttto^xctt 

TCTT G A AC TTTft AACTT ■ 
-O* TGTGfcACTTTC/iACCT 
-*79 CTTAAACTTT-AACTT 

cerrcAAcrrcfiAAC'TT 

TGTGCACrrTGftAGT? 
-SH TTTAAC^tTGAAGTf 
• 9.0! TCCTGAftCTTTKAGCT? 
-303 a*Cl«C^Crr.TGAACT;T 
-•446- 7 aTTAACTTJ -A«3CT*f 
-609 TCTTGAA'nT WCCTC 
-SC.? TGAACTCTCACCTG 



-;i6. TCAqCTCTGACCTC 
FIG. 4. Alignment kWWB HNF-4 tendiM^: sites in the 
HNF-1 and apoCHl gene* with a conserved 14rbp= sequence 
repeats in the priwiiiiatptoniotcr regions of wit; moose, -and. 
human Jfoopi as well as rat : €^*«gc7J3- Alignments ware generated 
according .t*.Dev««n*t oL,(1984)L 8[ee text fox discussibry 

(ARP-l* Ladlas and ara±hanasis <199l» and Eai.3/C0UP- 
TF (Miyajima et «L,M8jfc Warmer oi., 1939). Alignment of 
the ARPn/HNF^ binding site in the apo.CIH geno and -the 
consensus sequence df the U-bp elements in x$X.F<tbpi xe- 
vealedthat lfltfHbaaesate identical (Fig. 4). Second, studies 
connected in. JfepG2 and Cae$ : 2 cells showed that HNF-4 
and ARP-1 bind" W tihis cife-acting element :"jn the human 
apbGHJ gene : ^knowB^.C»P:);with »n^lai affimties 
Snyder «t fltL, ;1S92), ^-t^sfection studies indicatfcd BNF- 
4 and - AtiP-1 hawopposirur el&cts on apoCIfl. expression; 
HNrM fractions aae C3FH3ependent transcriptic^ : activft- 
torio Caco-2 and HepG2cells while ARP-1 binding represses 
transcription (Mietus-Snyder et oL, 1992). HepG2 and Ceeo- 
2 cell* contain more HNF^4 than ARPrl while CV-l cells 
lack-HNF-4 and AKP-1 (Mtet^Snyder et &, 19$2); Finally, 
in sift^hybnefaation studies i^n^^te.g^^tii^.innnse-'iStt-- 
bryos wveaied that H3S^-4 and ABP-i aie co-expressed in 
hepetocytes and in *pitt^«tol«at^in intestinal crypts 
and villi (Mieuis-Snyder eVo*, 1992). 

'With these observations in mind, lysates were prepared 
from COS-7 cells tranafected with a plasniid. that directs 
expression o£ HNF^4 or AEP^l- Lysatea-prepared from cells 
transfected with the vector without insOrt DNA produce np 
retarded complex when incubated with nucleotides -103 to 
+2* of rat Fabpi tF& 5, lane *). Lysai*s prer^ared.fjrom. COS- 
1 ceils transfectecT with the HisFF-4 expression vector produce 
a single retarded complex that emigrates with: one of.the 
three complexes p^o&iced by Cbco-2. nuclear extocts {Fig. 
compare tones 5 and 2). Lysates prepared l&om COS-7 cells 
transected with the piasmid encoding ARP-1 prodw* t*vo 
distinct retarded complexes that co-migrate with, the other 
two bands generated with Caco^2 nuclear extracts (Fi&.S* lane 
9) Nucleotides -103 to ~6X> of rat Fabpi and an. qhgodeoxy- 
nucleotide derived- from tbe TRH site. in the HNF-l gene 
blopk formation of the £0* ^T^Z^T^^t^K 
(Fig. 5,tones 7 ahd8) and the-ARP^ J^WaT^^DNA 



Extract:. - o 



i TT'a 1 ^ 6 t a s to U I.E. (5 14 




Ctvnpemor; £ £ * + ~A 

F«k $; J^dOTc* that the Wbp^j^ J«j^ 
tides -32 to Of rat ^<tftpi bmds SNF-4 ^and-AKP-l. 
.nS^«^«ieodii«BNP4tfd.ABM 
pMT2-ARP-.l> respectively) we introdeced mto COS-7 ceils. Cell 
Qtcs (1 MS of total profcmfc prepared 4S h after transfecuom were 
^^ted with25 fmol of a ^-labeled DMA fragment ^compassing 
nucleotides to +28 e| rat Fabpi >n the oreaence or a??«ios pT 
1.25 pmol of the indicated oJigodeoxynocteotide compotitor, i** 
reactba mixtAwee were wbj«tod ^^^ bot ^^^^^ 
p&lvwylamide ^andiiftbuffer condiUons described m. the lepod 
Kin&lSB. Tbe crrpiw point: to Xte ^ree=p!^-P»te^co«plws 
thattom wrtbCaco-A nuefeat ^ e^oC^ : None are obsw^.wth a roll 
lyBete ootemed ftpm :0QS-7 .cells- contairnng^ie 
vector without ^ insert Bands. 1 -nd a ^^ TO ^ W2lb ,\ ty ^ 
prepared W pMT2^ABP-l-trc«rtected- CO$^7 oelte end band 2 
^&^^Wtraitfft»cted COS-7 j ceB 
ana HNF^.cMtairung iysatee are mixed (1 *T of total protem frorn 
each Mi the pattern .wen: with Caco.2 nufckar emacis^ Urge y 
Tecapinilated. tbe ..coocentratSon of ARP-1 «nd HNF-4 m 

prepared from transfected COS-7 ceU^ was not known.) TRH. 
HNF-I -gene** HNF-4 biaoung she. 

complexes llanet.ll afadi2). A SO-foSd molar excess of an 
olifiodeoxynvcleotide derived from bases -.49 to +1 ot w 
Fa&pt has no affect on formation of complexes 1, 2, or* (to/** 

6 and 10 of Fig. 5). ^ „ , ^ 

When cell lysates prepared from COS-7 cells transfeci«d 
with the HNF-4 or ARP-1 plastnida are mixed together and 
incubated, with nncleotictes -103 to +28 of rat Fcbph three 
complexes are formed that have elecUophoretic properties 
which nrirnic those produced with Caco-2:ceil extracts (Fi^ 
lanes IB and 14), *Fhese co-migrating complies suggest, but 
do not prove ? ibat- HNF-4 and ARP-1 contained inCaco-2 
extracts bind to nucleotides -^2 to --69 of rat Foopi. By using 
a methjdation interferertce.asisayi we were able to demons^^ 
that, tbe factors responsible for fomnis ^^±^7 
complexes produce a pattern of protection of IrFABr 1 
which is identical to :tbat produced by tbe HNF-4- and AttP- 
1-contaitting COS-7 ceK lysates (Fbj, 6). 

^transflcticn of Coc*~2 ond C*i Cell* **h 
hOIT 1 DNM and Ptemirts Encoding either HWF-4.orARr- 
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Ccco-2 Coco-2 

fto. .« €<rmnarison of the ^ ls 3^^ > ^^^,^?n 
terns produced by C»^« nudear extracts w»d COS-7 ceU 
lysate* containing HNF-4 .«»d ARP-1* A partially methylated 
DNA fragment waning uuckotides -103 to +28 of latFolmfcwas 
incubated with nuclear exit*** P"**^^? f 10 
cells or ceil lysatei prepared from p>m-ARP-l- or pMT2 -HNF-4- 
tiMtf cells. The Aipp^r band (3) ahd.the:twp4&*er bands 

(I and ifi> produced with Caco^ nuclear protein* were excised rftom a 
jtolyacrylantide gel Similar to that Shown in Ffer S3. (The lower two 
bands were excised together snice. tw could xiOfc be;fuJly separated 
with sufftcient reliability.) The more -intense, lower banov produced 
whenpMT2-ARM-Uan^^^ 

thia DNA&o«ment (complCTSiisce ^'Sof^^was.exi^^r^: 
a gel as ww the single retarded complex observed when pMT-*tw*- 
4-tranafected COS-? cell ryiate was incubated with nucleotides -103. 
to +28 (complex: 2;. see lane & of Fig. S). The radiolabeled I- 
FABP -5tBtA+a fragment that was free of nuclear proteins was also 
excised Oabefcd Fin Bp. 3B). ^recovered material wossubjected 
to guaxiosme-specjfic base cleavage using the method of Maxamond 
Gilbert (1977) atidtAai^uct&fraetibhatedoA a 15% polyacrylamide 
ret ceritairuns fi Sc urea. The results indicate that the. same two. 
guanoainea areprotecied in each comply These t nianosmes occupy 
position* -74 ana -*i s^n theexmservfed I4^bp element imetunng 
nnCleo(ide&-$2to -69of ratife&pt 

i^-The functional cc*ise&ue»ces of : fD$F-4 or ARP-lbinding 
to the 14-bp sequence wra investigated. Because transcrip- 
tional effects can depend upon promoter context : and tran- 
scriptional environment, several l*ABP7hGH +1 Dtf As ware 
introduced into Cacx>2 and CVM ceB> together w^. the 
Saemids specifying JOS** *r ARP-1. tFABP^^ 

weieusedplus an.addit^naO .construct containing two. copies 
of the 14-bp clement placed .immediately upstreanvof nucleo- 
tfife !-277 * rat Fo^r (yielding r^ABP^ fo ^/hGH^ 
This construct was designed! to "arnplifr" any ttanBcnptional 
effects specific to the 14-bp element and;, in some sense, 
recreated the three repeats of this element found in I- 
FABP'^^^/hGH"** {Fig;* 1)< A parallel set of experiments 
was perfotnied.uaing.a\:r«c^ Contained the 

C3P element of the human apoClH gehSifasedto the thymi- 
dine kinase promoter andanhOH reporter (CaPVTK-bGrr 3 ). 

Introduction of a. HNP-t expression vector Into proliferatr 
ine Cbco-2 cells produced no significant change in the levels 
of hGH production by l.FABP^ Wto ^/BGH«, I- 
FAB^"^/hGH"\ or I-FABP W ^* **7ftGH+3 (Fig. 

7A). Introd U cticn of an ^'\^^^^£S^^r 
significant increase in expression of I-FABP^ 03 fhGH fc 




Pib 7 Co^tranrfecttott Of proliferatiiig Caco-2 and CV-1 
cells wiil-FA^MB^ ONA« andplasnnd»ews^ either 

or Ai^-^ h^ ^ls were^d^e^^ 
64 b after tranSfection an* expressed. retotwe to the 
«alactosidaae aefivfty present in cell lysates prepared at tbe^ 
rnedium was harvested (RS V/jM3al DN A was used « an mtemal 
standard to control for dirterences in transfectwn eflCeitocy bacween 
experiments.) AH experiments were repeated 4 times and the ntean^ 
1 S^pbttei ResSs 8X0 normalised to thc^biuntied after co^ 
.n^c^^lls w^ T-FABPAGH-plus pM^iull <theexpras. 
. silah vector used to.direct syrithesis of ARP-l or HNF-4). 

a S-fcldincraase taa^F»W^«« 1 ^fc^ 
QMS =whon ; conjpaied with cells containing. J-FABP / 
hGH^ aloneK a infold hiciease. in wfcrtiv* egression ot I- 
PABP^ to ^/hGH + ^ (P > and a enfold increase \P < 

(Fig- 7A) 

Co-transfecttori of proliferating Caco-S cells with pMT2- 
HNF-4 and C3P-TK-hGH^ produced no significant change 
in the level of hGH production cwnparod with the level 
observed in cells ^ containing C3P-TK,bGH* , ajone. In . coo> 
Sc^transfe^^ 

resulted in a 6^7-foid reduction in egression W^fJ 1 
nelly, co-tiwsfeclion o Vp^e^ting Gaco-2^5 witia pMT2^ 
ARP1 (or pMT2-HNF-4) and MT.hGH^ produced no 
changes in ^ . ^ 

Together, these results support the notion that pIVJl^ 
ARP4 changes the :level of ARP-1 in proUferating GWo-2 
ceils and confirms the known response of the C3P element -to 
this transcription fac*or : ^e. xeprossion). 1tw-*tajto mdi- 
cate :that t|ie ltbp-eto^l6cated^^e«n nucleotides -32 
and -69 of ra( F&pi- can serve as a positrve element when it 
binds AHP-i, although this latter e&eet appears to squire 
and/or be influenced;by sequence elements located tetween 
nucleotides ^104 and -?77 of rat Fdbpt VVnlle ^tjve as 
well a3 negative transcriptional regulation by COUP-TF, a 
close relative of ARP-1, has been described (Wang et 
19S7>. prior cD^transfection studio nave only demonstrated a 
negative effect with AJIP-l (I*Efitus-Snydcr et Wi- 
.do^'er aL. 1992; Gooney 1^32; Trari et oi, 1992; tadias 
ec at, 1992; Ladiks and: Ka^Bahasis, 1991). 

UnUJoe proUferating Caco-2 colls, pMT2-HNF-4 produce^ 
modest but significant increases Jn ° . of J" 

FAB?" 377 ^/bGH^and I-FABP^-^^^/bGH^ m pro^ 
ltferating cells, (levels of^hGH production rise by 2-3- 
fold p < 0.005; Pig. 7BJ: Removal oif nucleotides -277 to 
-1S5 -abolishes ^this stimulatory effect. (Fig. 1BX while removal 
of nucleotides -27Tto.-l04 converts; the effect to a negative 
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effect of ARP-1 on l-FABP"' ,„ cv .i -Us 
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5S£«K£ cal^not colls 
«^rt7odT«m«e in hGH production was detectable (Fig. 7B). 

fectioo of proliferating CV-1 cells with pMTa-AKr i «^^*^ 
KSoKtcAioed a degree of relative suppression of hGH 
!££5E5X to thaT^eerved in Pj^<«,^ 2 
~llHf«. 7l ^ and B). Finally, co-ttaorfection with ; pMT- 
S^Xd '^P-TK-hOH- tested in "«£ 
StatUm of hGH production in prol^tme CV-i «^ 
wbereaa no significant change ™ £^?V^ 
Caeo-2 cells (compare panels A and a in Mg- . . _ 

TheBTZilte su^^e folWng conclusions. First, there 
J£?£ be a sXieat pool of HNF-4 present in prohfer- 
ati^7caco-2 cells ao that any increase in the level of tfcis 
SSLS^n Sctor produced ^j^ff^gS^ £ 
tectaUe stimulatory effect on either CSP-TO-hGH^ 1 or I- 
FABP/hGH^-"" to ♦ 4 7hGH' a expression- Such a pool of 
functionally available HNF-4 does not appear tobe present 
5 C&lcSt. Alternatively, Caco-2 celb may produce otter 
fectors, not represented in CV-1 cells, that can cwnpetemth 
HNFV* for binding to C3P and a site or Bites m l-FABP"* 
.m«,«»/ hG H*» Competition for binding to identical or 
highly conserved transcriptional regulatory "•J""""" 
beennoted among various members of the steroid receptor 
Bupet&inuy of transcription factors that contain conserved, 
zinc finger DMA binding domains (Mi^Sr^df^ at. 1^2; 

Second, the fact that ARP-1 stimulates }™°^' / 
bAH™ I-FABp- JTTM< ' a, /hGrr <1 , and I-FABP~^ /hGH** 
in proliferating Caco-2 but not CV-l cells may xoflecttne 
presence or absence of these other competing transaction 
factor(G) and/or the fact that an endogenous ugsnd orhganda 
for this orphan receptor are present m one call type but not 
another. Third, ARP-1 and HNF-4 a» 
positive factors when bound to the conserved M-bp element 
spanning nucleotides -82 to -459 of rat RtpuJ However 
expression of such effects appears to require the PsrtWpatwn 
of additional cis-actlng elements located between ^leotades 
-277 and -104 and/or othertranacnption factors. Synergistic 
or cooperative effects between nearby elements have ^been 
deswnstiated in a number of promoters («.«. Kw» et ot (1990), 
VKdometal (1991). and Suable «oi ^™?£?t?f 
a similar meohanism may be involved, with Fo^t, »* I- 
I^SS-^/hGH*' not 1-FABP" /bGH** is up- 
regulated by ARP-1 in Caco-2 cells even though both con- 
Bluets contain a single copy of the H-bp sequence. Nonethe- 
less, based on results obtained in transgenic mice, these 
postulated sequences located between nucleotides -104 and 
-277 are not sufficient by themselves to support Fobpi expres- 
sion in enterocytes; analysis of 1-20-week-ald mice ' belongmg 
to 10 pedigrees containing nucleotides -277 to -104 baked 
to a neutral promoter/reporter (the hGH gene beginning at 
its nucleotide -ft4) failed to disclose any bGH production m 
any intestinal cell lineage distributed along the duodenal-to- 
cotonic «da (or in any one of nine extraintestinal tissues, 
Cohn«*aJ. (1992». 

Ferspeefus-Functioiial mapping studiea of the homologous 
rat Fabpi and fiver fatty add binding protein {Fabpt) 8 cnes 
in transgenic mice have indicated that distinct ds-ecting 
elements regulate their patterns of expressioE , aJongthe crypt- 
to-vjlluB and duodenal-to-colonic axes (Conn ee al, 1992, 
Simon et of.. 1993). Moreover, those mapping studies have 
revealed that remarkably compact Beqviei^^ located close to 
the start site of transcription (nucleotides -108 to -1 uiFotpi 



and nucleotides Ut to -1* SfiggEfe 
to establish e^.^^^^go^^comparative 

. f ^<W-2 celle will have to be cautiously 

main* conducted m t^aco-^ ccuu *t«* n * r. 

PABP-^^^AgH" in transgenic mice and Caco-2 cells 
^Lzes the^nfierences in the transcriptional regidatory 
enSonZit. present in proliferating P-on^nt and dff- 
fr^pntisted nosteonfhient Caco-2 cells and those present in 
Sb^ofXent^Cytic lineage during their migration- 
associated differentiation program. 

Formation of duodenal-to-colonk : or crypt-to-vJluspa- 
<fen4 of Fcbpi expression Bkely reflate a comply ^ 
that include* competition of multipk ^If^"^. 
and ARP-1 for common cis-actmg sequences » OAftr tmn 
scrtptional factors might also share this target sequence spec- 
■S?tL conserved 14-bp element is quite sundar to a 
Srepeat of the sequenco TO ACCT that servesss hatfof 
a "canonical* COUP-TF element Kadowata rt^W 
COUP-TF can compete with retinow: acid, thyroid hormone, 
2d So, ^ceptore for DN A binding and inhibit tren- 
^crijSwtivation (Cooney cf oL, 1992; Trnei^ 1992, 
K^ewer et oL 1992; WkJom «t aL, 1992). Some of these other 
235. inscription factor aupcrfa^y rr^so 
interact with the 14-bp site. Uneage-specific d^rentoatnin- 
deP^ndent, and regional differences i» the ^ejsbundanco 
onUe transcription factors could yield a ricb r^iteireof 
patterns of expression mediated by such proteins. Heterodj 
mer formation, which is common among 
transcription factor family (Forman and Sam^Is. 1990), 
wouMadd exponentialry to the flexibility of such a system. 
Furthermore the distribution of transcripUoDal 
(such as S300-U for COTJP-TF Tsai et oi (1987)) orendog- 
enous hgands for these "orphan" receptors could affect their 
transcriptional properties. In addition, epu snehc modifies- 
Smay contribute to FabpCs pattern of expression m the 
TmU found a gradient in the degree of methylatior, 
of Fatoi that narallela the level of its expression along the 
ceohaScaudal axis. 4 Such epigenetic changes could represent 
an economical way to estabEsb and maintain position fafor- 
motion, S by modifying the affinity of cU-sctlng elements 
for all of their cognate factors or for some specie subset of 
them. These considerations suggest that a combination of m 
vitro, cell culture, and in i»«w experimental systems will be 
£2r£ to characterize exactly how the activity of this re- 
markably compact Fabpi promoter is regulated. 



Aeto»ii»W«menJ«-We thank our colleagues Burton Wfcc, Ted 
Simon, and Steve Cohn for the many herpftJ 
^rkand*>haA.L»4ias (Departments of MeAcnM and and 
SoUeulsr Physiology, New England Deaconess Heaprtal, Harvard 
Medical BeDoXlBoston. MA) tor Bupplyine expressieu plaamidt for 
HNF-4 and ARP-1- 

* A Drosovkila homolos of HNi'-4 has be«n dc«crib««l recently that 
i, ^n^srnuUrto sbucturs «^ distribution to tee manimaban 
P^SnXoag et at, 1993). Deletion of tbe 
icntaining this gene prevents midgut development • <Z*°nj « aL, 
^SlSlse datawidorscore the central role, that HNF-4 and relet** 
factors likely play in gut development and eene .e*Pj^on. 

' j N Rettman and J. L Gordon, unpublished observations. TTSese 
difference,, in methylation are based on results obtained after M*pl 
and 1 flpoll digestion of DNA prepared from intestinal mucosa har- 
v^eo^Udia^nt positions along the duodenal-to-eotonic inua. 
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